We present a light curve analysis of fundamental-mode Galactic and Large Magellanic Cloud (LMC) Cepheids based on the Fourier decomposition technique. We have compiled light curve data for Galactic and LMC Cepheids in optical (VI), near-infrared (JHK s ) and mid-infrared (3.6 & 4.5-µm) bands from the literature and determined the variation of their Fourier parameters as a function of period and wavelength. We observed a decrease in Fourier amplitude parameters and an increase in Fourier phase parameters with increasing wavelengths at a given period. We also found a decrease in the skewness and acuteness parameters as a function of wavelength at a fixed period. We applied a binning method to analyze the progression of the mean Fourier parameters with period and wavelength. We found that for periods longer than about 20 days, the values of the Fourier amplitude parameters increase sharply for shorter wavelengths as compared to wavelengths longer than the J-band. We observed the variation of the Hertzsprung progression with wavelength. The central period of the Hertzsprung progression was found to increase with wavelength in the case of the Fourier amplitude parameters and decrease with increasing wavelength in the case of phase parameters. We also observed a small variation of the central period of the progression between the Galaxy and LMC, presumably related to metallicity effects. These results will provide useful constraints for stellar pulsation codes that incorporate stellar atmosphere models to produce Cepheid light curves in various bands.
INTRODUCTION
Cepheid variables are bright, population I periodic radial pulsators that exhibit regular light curves and obey a well known Period-Luminosity relation (Leavitt & Pickering 1912) , that is an important tool in the extra-galactic distance scale. Fourier analysis methods have been used extensively to describe Cepheid light curve structure and its variation with period. In particular, the amplitude ratios (R21 and R31) and phase differences (φ21 and φ31) have been used to quantitatively describe the progression of Cepheid light curve shape with period (Simon 1977) . The Fourier decom-⋆ E-mail: anupam.bhardwajj@gmail.com position method was further revived by Simon & Lee (1981) , who used a sample of 57 Cepheids and discussed the variation of Fourier parameters with period. The sharp breaks in the progressions of Fourier parameters with period, occurring near 10 days, were attributed to the resonance P2/P0 = 0.5, in the normal mode spectrum (Simon & Schmidt 1976; Simon 1977; Simon & Lee 1981) . Later, the method was used extensively by Simon & Teays (1982) to analyze the progressions of Fourier parameters and light curve structure of a large sample of field RR Lyrae stars. The light and velocity curves were Fourier decomposed to compare with theoretically modeled light curves (Simon & Davis 1983; Simon & Moffett 1985) . Similar studies of the light curve structures of RR Lyrae variables were carried out by Simon (1985) ; Kovacs, Shlosman & Buchler (1986) . The Fourier phase parameter (φ31) was used in empirical relations to determine the metallicity of fundamental mode RR Lyrae stars (Jurcsik & Kovacs 1996) . The studies on theoretical light curves of Cepheid variables using the skewness and acuteness parameters together with the variation of Fourier parameters were carried out by Stellingwerf & Donohoe (1986 , 1987 ; Bono, Marconi & Stellingwerf (2000) . The central period of Hertzsprung progression was also determined using the Fourier parameters (Moskalik, Buchler & Marom 1992; Welch et al. 1997; Beaulieu 1998 ) and skewness/acuteness parameters (Bono, Marconi & Stellingwerf 2000) . Other studies employing the Fourier decomposition technique to analyze the light curves of Cepheid variables, are Simon (1986) ; Antonello & Poretti (1986) ; Andreasen & Petersen (1987) ; Andreasen (1988) ; Simon (1988) ; Poretti (1994) ; Simon & Kanbur (1995) ; Stetson (1996) ; Welch et al. (1997) ; Beaulieu (1998) .
Recent applications of this method include the reconstruction of Cepheid light curves with Fourier technique (Ngeow et al. 2003) , and classification of variable star light curves based on Fourier parameters and Principal Component Analysis (PCA, Deb & Singh 2009 ). Most of the recent studies on Fourier decomposition involve the determination of physical parameters like absolute magnitude, metallicity, effective temperature, luminosity for RR Lyrae variables (Deb & Singh 2010; Nemec et al. 2011) . The Fourier decomposition technique has been further extended to describe the chemical and structural properties of the LMC (Deb & Singh 2014) .
In this work, we analyze the light curves of fundamentalmode Galactic and LMC Cepheids in multiple bands using Fourier decomposition techniques. In Section 2, we provide a brief description of the application of the Fourier decomposition method. In Section 3, we discuss the Galactic and LMC Cepheid light curve data compiled from the literature for optical, near-infrared and mid-infrared wavelengths. In Section 4, we describe the application of Fourier decomposition to Galactic and LMC Cepheid light curves. Further, we discuss the variation of Fourier parameters with period in each band separately. In Section 5, we compare the Fourier parameters in multiple bands and comment on their progression with period and wavelength. We also discuss the variation of mean Fourier parameters together with skewness and acuteness parameters as a function of wavelength at a given period. In Section 6, we summarize the variation of the central period of the Hertzsprung progression with wavelength for each Fourier parameter in the Galaxy and LMC. A discussion on our results and important conclusions arising from this study are presented in Section 7.
Our results will provide important constraints for stellar pulsation codes that incorporate stellar atmosphere models to produce wavelength-dependent theoretical Cepheid light curves.
FOURIER DECOMPOSITION TECHNIQUE
Fourier decomposition is a robust method to study the light curves of variable stars. This method was revived and refined by Simon & Lee (1981) in its modern form. They described how the lower order Fourier coefficients can completely describe the structure of the light curve. The Fourier coefficients and Fourier parameters are now widely used to derive empirical relations to determine physical parameters of variable stars, in particular for fundamental mode RR Lyrae stars.
In this study we have used a sine Fourier series to fit the multi-band light curves of Galactic and LMC Cepheids,
where m(t) is the observed magnitude, m0 is the mean magnitude from the Fourier fit, t is the time of observation, ω = 2π/P is the angular frequency and t0 corresponds to the epoch of maximum brightness. In this study, we have taken t0 as the time of minimum magnitude from the light curve data for each Cepheid, which is used to obtain a phased light curve that has maximum light at phase zero. Ai and φi are amplitude and phase coefficients respectively. Since the period P is known, the light curves are phased using
Since the values of x range from 0 to 1, corresponding to a full cycle of pulsation, equation (1) can be written as:
Here, N is the optimum order of fit, which is generally chosen depending on the size of least square residuals. Furthermore, coefficients A1. . . AN and φ1 . . . φN are extracted from the fit to give Fourier parameters,
where i > 1. The φi1 are generally adjusted to lie between 0 and 2π. The errors in the derived Fourier parameters are determined using the propagation of errors in the coefficients (Deb & Singh 2010) .
THE DATA
The data selected for present analysis is described in Table 1. A brief description of each catalogue/source used is presented in the following subsections.
Optical Wavelengths

Galactic Cepheids
The light curve data for Galactic Cepheids in the Johnson V -and Kron-Cousins I-bands were extracted from the catalogue of Berdnikov (2008 use of 447 and 351 Galactic Cepheids with data in the Vand I-bands, respectively. Since this catalogue is compiled from a series of observations carried out over two decades, the number of data points for each star ranges from 20 to nearly 400. The periods of the variables were extracted from the database of Galactic Classical Cepheids (Fernie et al. 1995) .
LMC Cepheids
The light curve data for LMC Cepheids in the V -and I-bands were taken from the third phase of the Optical Gravitational Lensing Experiment (OGLE-III) survey (Soszynski et al. 2008 ). The observations were carried out using a dedicated 1.3-m telescope at the Las Campanas Observatory, Chile. Our analysis makes use of 1806 and 1818 light curves in the V -and I-bands, respectively. The light curves are fairly well sampled with a large number of data points in I-band, and covering nearly full phase in both optical bands. We also make use of the period and initial epoch provided in this database to Fourier fit the light curves. We also extracted the light curve data in the V -and Ibands for 26 long period Cepheids from OGLE-III Shallow Survey in the LMC (Ulaczyk et al. 2013) . The photometric data for these Cepheids were also collected using the 1.3-m Warsaw Telescope located at Las Campanas Observatory. Since the photometric system is exactly similar in both the surveys (Soszynski et al. (2008 ) & Ulaczyk et al. (2013 ), we increase our sample to have 1832 Cepheids in V -band and 1844 Cepheids in I-band.
Near-Infrared Wavelengths
Galactic Cepheids
We compiled photometric data for 186 Galactic Cepheids in the JHKs bands with full phase coverage using several sources in the literature (Welch et al. 1984 Monson & Pierce (2011) for 129 Galactic Cepheids were obtained during a span of 10 months in 2008 using the BIRCAM instrument at the 0.6-m telescope of the University of Wyoming Red Buttes Observatory (RBO). These light curves have an average of 22 observations per star, providing reasonable phase coverage. We included 41 light curves from Laney & Stobie (1992) that were obtained between 1982 to 1990 at the Sutherland observing station of South African Astronomical Observatory. Most of the observations were carried out using the 0.75-m telescope and the Mark II infrared photometer and the remaining observations were made using the 1.9-m telescope and the Mark III infrared photometer. These light curves have 31 data points per star. We also made use of 8 light curves from Barnes et al. (1997) , obtained at the 1.3-m telescope at Kitt Peak National Observatory using the OTTO and SQIID instruments. Lastly, we incorporated 8 variables from Welch et al. (1984) that were obtained using the 1-m Swope telescope at Las Campanas Observation, Chile and the 0.6-m telescope at Mount Wilson using the 0.6-m reflector.
Since these near-infrared light curve data were obtained by the various authors using different photometric systems, we transformed them into the 2MASS system using the transformations provided as part of their all-sky data release 1 .
LMC Cepheids
Our analysis made use of combined LMC near-infrared light curve data for 474, 532 and 488 Cepheids in J, H and Ks, respectively, from the two sources listed below. We used the light curve data from Macri et al. (2014) , who carried out a JHKs survey of the central ∼ 18⊓ ⊔
• of the LMC using the CPAPIR camera at the Cerro Tololo InterAmerican Observatory (CTIO) 1.5-m telescope, operated as part of the SMARTS consortium. The variables, originally identified by OGLE-III (Soszynski et al. 2008 ) range in period from 1 to 37 days, with an average number of 16 phase points per object. The observations were calibrated by the authors into the 2MASS system. We used 384, 442, 398 light curves in J, H & Ks, respectively. We have also used the JHKs data for 90 Cepheids in the LMC from Persson et al. (2004) . These observations were carried out with the 1-m Swope and 2.5-m duPont telescopes at Las Campanas Observatory between 1993 to 1997. These stars have periods in the range of 2 to 134 days and an average of 22 observations per band. These observations were reported using the LCO photometric system, and were transformed into the 2MASS system using the previously referenced relations.
Mid-Infrared Wavelengths
We used the 3.6 and 4.5-µm light curves of 37 Galactic and Persson et al. (2004) and Scowcroft et al. (2011) . days for the Milky Way and 6 to 140 days for the LMC, and were observed at 24 phase points from 2009 to 2011.
FOURIER ANALYSIS OF GALACTIC AND LMC CEPHEIDS
We applied the Fourier decomposition method discussed in Section 2 individually to each Galactic and LMC Cepheid light curve, analyzing each bandpass separately. We implemented equation (2) using the IDL MPCURVEFIT routine, varying the order of the fit in each band from 4 to 8. The optimum order of fit (N ) was determined using Baart's condition, depending on the residuals for each star (Baart 1982; Deb & Singh 2009 ). The resulting Fourier coefficients were used to calculate Fourier parameters using equation (3). Fourier-fitted light curves for two Galactic and two LMC Cepheids are shown in Fig. 1 and 2 , respectively. The Fourier parameters for all variables in all bands are presented in Tables 2 and 3 for Galactic and LMC Cepheids, respectively. Table 2 . Fourier parameters obtained using a sine series Fourier fit to the Galactic Cepheid light curves in multi-bands. In all the figures presented in our paper, the values of the Fourier phase parameter φ31, obtained using a sine series, were converted into cosine series by adding a value of π to those given in Table 2 
Optical Bands
We have determined the Fourier parameters (R21, R31, φ21 & φ31) of one of the largest samples of Galactic Cepheids at optical wavelengths, with 447 objects in V and 351 in I. These are shown in the top two rows of Fig. 3 as a function of log(P ).
The Hertzsprung progression (hereafter HP), indicated Table 3 . Fourier parameters obtained using a sine series Fourier fit to the LMC Cepheid light curves in multi-bands. The Star ID's are from corresponding catalogues listed in Table 1 for each band. by a sharp dip or change in the way the Fourier parameters change with period, is clearly observed for R21, φ21 & φ31 in the vicinity of log(P ) = 1.0. The center of this HP seems to be located at slightly shorter period. R31 exhibits a flatter minimum that extends over a couple of days in the vicinity of log(P ) = 1.0. The uncertainties in the Fourier parameters are very small, given the fairly good phase coverage and number of data points in the light curves. The top two rows of Fig. 4 show the corresponding analysis for OGLE-III LMC Cepheids in V -and I-bands. These light curves have excellent sampling and full phase coverage, thereby yielding very well determined Fourier parame- ters that show clear patterns as discussed by Soszynski et al. (2008 ) & Ulaczyk et al. (2013 in their data release papers.
Near-Infrared Bands
Fig. 5 presents the Fourier parameters for 186 Galactic Cepheids that presently have full phase coverage. The HP is clearly observed for all parameters in the vicinity of log(P ) = 1.0. We also noticed a more gradual increase of φ31 for log(P ) > 1.0 with increasing wavelength. Since the near-infrared data have a lower number of epochs and poorer phase coverage, the errors in the parameters are larger than at optical bands. The J-band parameters are the best determined ones, with increasing scatter at H and Ks. Fig. 6 presents the corresponding results for the nearinfrared LMC data, including the first-ever Fourier analysis of the light curves from Macri et al. (2014) . Since these light curves are not as well sampled as their optical counterparts, we observe more scatter in the Fourier parameters. The better-sampled light curves from Persson et al. (2004) , which predominantly cover variables with log(P ) > 1.0, enable us to clearly see the HP in the J-band Fourier parameters, while the H and Ks panels exhibit greater scatter. 
Mid-Infrared Bands
The mid-infrared Fourier parameters for Galactic Cepheids are plotted in the bottom row of Fig. 3 , showing for the first time the variation of light curve structure as a function of period at these wavelengths. Even with a smaller number of Cepheids in the sample, the HP is clearly visible for all Fourier parameters. The value of R21 displays an abrupt rise from log(P ) = 1.0 to a maximum value of log(P ) = 1.5 at 4.5-µm, which is not seen at 3.6-µm. Since these light curves have equal phase spacing and the same number of data points, the errors in the parameters are smaller than in their near-infrared counterparts. The corresponding parameters for LMC Cepheids are displayed in the bottom row of Fig. 4 . We observe similar patterns to those exhibited by the Galactic variables.
COMPARISON OF FOURIER PARAMETERS
Fourier amplitude and phase coefficient
We discuss the variation of the first harmonic of amplitude (A1) and first Fourier phase coefficient (φ1) with period and wavelength. The plots are shown in Fig. 7 and 8 , for Galactic and LMC Cepheids respectively. We removed the 2σ outliers in these plots to make the progression visible. At a given . Fourier parameters plotted against log(P ) for Galactic Cepheids, in multiple bands. Some phase parameters have been shifted by 2π for plotting purposes. The outliers in phase parameters for each band are shown using smaller symbols.
period, we observe a decrease in the value of A1 and an increase in φ1 with increasing wavelength for both Galaxy and LMC. For 1.0 < log(P ) < 1.5, we find a greater increase in the value of A1 and decrease in φ1 at optical bands as compared to their infrared counterparts. Also, for log(P ) > 1.3, both coefficients show a very small variation and nearly a flat curve at infrared bands. A larger scatter in the value of φ1 is observed for infrared bands. We note that the variation of light curve amplitude is essentially similar to A1 but the variation of phase of maximum light (corresponding to t0) is not necessarily same as φ1. As the Infrared band light curves have larger phase gaps and φ1 depends on the value of t0, we expect a greater scatter in these bands as observed in Fig. 7 and 8 . For example, in Fig. 1 the J-band light curve for T M ON show a flatter maxima, which also causes an uncertainty in the determination of exact phase corresponding to maximum light. The phase difference at maximum light for Cepheids in the Galaxy in multiple bands is discussed in Madore & Freedman (1991) while ∆φmax(I vs. JHKs) for first results of LMC Cepheids used in our analysis is discussed in Macri et al. (2014) . This phase difference at maximum light and its variation with wavelength is related to Period-Color relations at maximum light discussed in Bhardwaj et al. (2014) .
We also emphasize that the coefficients φi are not independent of time translation and this is the reason phase parameters (φi1) are preferred to study the light curve structure (Simon & Lee 1981) . These are perhaps more easily compared between data sets where the initial epoch of observation is not known. The variation of phase parameters with period and wavelength will be discussed in the following subsections. 
Individual Fourier Parameters
In order to analyze the variation of Fourier parameters as a function of wavelength and period, we over-plotted the phase and amplitude parameters using different symbols and colors for each band, and removed 2σ outliers to make the Hertzsprung progressions more easily visible. Figs. 9 and 10 present the parameters for the Galactic and LMC samples, respectively. We observed a clear trend in the φ21 & φ31 for both Galactic and LMC Cepheids that become larger with increasing wavelength at fixed period. For these phase parameters the outliers are shown using smaller symbols for all bands to avoid any loss of features near the center of the HP. These outliers follow the same trend as all points and the features of the plot are not affected by varying the degree of outlier removal. No clear trend with wavelength at fixed period is seen for the R21 and R31. Considering long-period (log(P ) > 1.0) variables, the amplitude parameters can be separated into two groups; one for V IJ and another for the longer wavelengths. Furthermore, the latter bands exhibit a slight drop after log(P ) = 1.3 (P = 20 d) while the former ones seem to rise. We also observed a turnover in amplitude parameters around log(P ) = 1.5 that varies with wavelength. Since we have removed 2σ outliers in this Figure, the Galactic data show more clearly that the center of the Hertzsprung progression occurs slightly before log(P ) = 1.0 for all parameters while it remains at log(P ) = 1.0 for the LMC variables.
Mean Fourier Parameters
In order to clearly discern any wavelength dependent variation in Fourier parameters, we computed sliding mean values with steps of 0.04 dex in log(P ) and a bin width of 0.2 dex. We found these values yielded the least amount of scatter between consecutive points after significant experimentation with various choices. Fig. 11 shows the result for Galactic Cepheids. The increase in phase parameters with increasing wavelength becomes more clear and distinct. We also see clearly the decrease in amplitude parameters with increasing wavelength at a given period. Both R21 & R31 exhibit a sharp rise beyond log(P ) = 0.9 to a peak around log(P ) = 1.4 and a decrease around log(P ) = 1.7. This behavior is more pronounced for V IJ than for the redder bands. The minimum is more pronounced for R21, while R31 shows a shallower minimum. There is also a hint of change in the behavior of the parameters for log(P ) > 1.8. This may be connected to the properties of ultra long period Cepheids (ULPCs, Ngeow et al. 2013 ). Considering the short-period variables, both parameters exhibit maximum values around log(P ) = 0.6. The increased scatter for log(P ) < 0.5 may be due to a combination of a smaller number of stars and contamination by first overtone pulsators.
The corresponding plots for LMC Cepheids are presented in Fig. 12 . The same patterns present in Galactic Cepheids are also seen in this sample. The data suggest a separation between optical and infrared Fourier phase parameters for log(P ) < 0.5, which may extend to R21 but is not visible in R31. Fig. 11 and 12 were used to determine the average behavior of the Fourier parameters with wavelength at given period. Flat sections in these plots do occur when Fourier parameters oscillate from a high to low value or viceversa, particularly when we are near the center of the HP. For example, the flat section in R31 for LMC Cepheids in Fig. 12 is due to the R31 clump at periods 0.8 < log(P ) < 1.0 observed at optical bands in Fig. 4 . However, such plots do provide evidence that the Hertzsprung progression is most dramatic at shorter wavelengths and in R21 and φ21 parameters (Simon & Lee 1981 We quantitatively analyzed the progression of mean Fourier parameters with period and wavelength by calculating the change in mean parameter values (binned every 0.2 dex in log(P )) across two bands. We restricted the analysis to 0.5 < log(P ) < 1.5 because this period range provides smooth progressions for each parameter with reduced scatter. The result of this analysis is given in Table 4 , for both the Galaxy and LMC. Comparing the V -and I-band results, we observed a negligible change in amplitude parameters while there was a nearly constant offset in phase parameters for all period bins except for the one centered at log(P ) = 1.0. Comparing the optical to near-infrared results, the change in amplitude parameters is small around log(P ) = 1.0, increasing slowly up to log(P ) = 1.3 and sharply afterwards. The change in the values of amplitude parameters when comparing wavelengths shorter and longer than J is greatest for 1.3 < log(P ) < 1.5. In case of the phase parameters, we observed a similar and significant difference in most of the periods bins. The comparisons of H to Ks and 3.6 to 4.5-µm exhibit a small change in amplitude parameters and a large scatter in the phase parameters. We note that ∆φ values for (V, Ks), (J, Ks), (H, Ks) increase as a function of wavelength, while ∆R values decrease as a function of wavelength for 0.5 < log(P ) < 1.5. 
Skewness and acuteness parameters
We also observed the variation of skewness (S k ) and acuteness (Ac) parameters following the work of Stellingwerf & Donohoe (1986 , 1987 and Bono, Marconi & Stellingwerf (2000) . Stellingwerf & Donohoe (1987) defined skewness as the ratio of the phase duration of the descending branch to the phase duration of the rising branch. They defined acuteness as the ratio of the phase duration during which the magnitude is fainter than the median magnitude to the phase duration during which it is brighter than median magnitude. If φmin and φmax are the phases corresponding to the extremum of the rising branch, the phase duration of the rising branch is φ rb = φmax − φmin. Similarly, following Bono, Marconi & Stellingwerf (2000) , we defined the median magnitude to be, m med = 0.5 × (mmax + mmin) and φ f w as the full width at half maximum of the light curve, which is equivalent to phase duration of brighter than average light. Hence
The skewness is a measure of left/right asymmetry and it decreases when the slope of the rising branch becomes flatter while acuteness is a measure of the top- down asymmetry of the light curve and it decreases when the shape changes from sawtooth to flat-topped (Bono, Marconi & Stellingwerf 2000) . For observed stars, the S k is generally greater than unity while for symmetric light curves both parameters attain a value close to 1. Since, both skewness and acuteness parameters are a function of phase durations, we use equation 2 to obtain 1000 data points per light curve to determine an accurate value of φ rb and φ f w . The variation of S k and Ac with period and wavelength is shown in Fig. 13 and 14 for the Galaxy and LMC, respectively. At a fixed period, we find that the value of S k and Ac decreases with wavelength. Also, the separation in the values of both parameters for wavelengths shorter/longer than J-band is clearly visible for Cepheids having log(P ) > 1.3. This behavior is similar to that of mean Fourier parameters discussed in the previous subsection. As the light curves from optical to infrared bands become more sinusoidal and flat-topped, both the parameters are generally expected to decrease with wavelength. However, the Cepheids having period in the vicinity of 10 days are more symmetric as both parameters attain a value close to unity. We emphasize that the skewness/acuteness parameters are the functions of light curve shape similar to Fourier parameters so either set can be used to see the variation as they are not independent of each other.
THE VARIATION OF THE HERTZSPRUNG PROGRESSION WITH WAVELENGTH
We also observed the variation of mean of light curve amplitudes with period and wavelength. We apply sliding mean calculations to determine the mean amplitudes similar to mean Fourier parameters. The variation of mean amplitudes at multiple bands for both Galactic and LMC Cepheids is shown in Fig. 15 . The mean amplitudes decrease with increasing wavelengths. The amplitudes in the optical bands show a sharp rise for periods 1.0 < log(P ) < 1.5 as compared to infrared bands. The mean parameter plots for both Galactic and LMC Cepheids provide evidence for clearly visible trends that could be fit using functional forms. We therefore reduced the step size in the sliding mean calculation to 0.02 in log(P ) with the same bin width of log(P ) = 0.2 and fit polynomials of varying degrees. These were then interpolated to obtain values every 0.01 dex. We have presented the functional fit to V -band parameters in Figs. 11, 12 & 15. We also provide functional fits to multiple band Fourier amplitude parameter (R21) and Fourier phase parameter (φ21). These plots will be used to determine the central period of HP, and are shown in Figs. 16 & 17 . Similar functional fits were also applied to light curve amplitudes and φ31 parameter to determine central period of HP.
Following the work of Bono, Marconi & Stellingwerf (2000) , we determine the central period of HP using light curve amplitudes. However, we do not observe a sharp minima around log(P ) = 1.0 but we also note that both theoretical light and velocity curve display a flatter minima in Bono, Marconi & Stellingwerf (2000) . The variation of the central period of the HP determined using the light curve amplitudes is presented in the top panel of Fig. 18 . For optical wavelengths, we find that the central period of the HP is at log(P ) = 1.04 for V -band and log(P ) = 1.03 for Iband, in the LMC. These results are in good agreement with the theoretical prediction of log(P ) = 1.051 ± 0.018 by Bono, Marconi & Stellingwerf (2000) .
We determined the minimum values of R21 as a function of wavelength for each sample -these are given in the second panel of Fig. 18 . The results argue for a clear trend in the central period of the HP, with the central value increasing with wavelength. For Galactic data at wavelengths longer than Ks, the central period of the HP shifts toward shorter periods. The increased scatter at mid-infrared wavelengths is expected as there are not enough stars in those bands, specially in the vicinity of 10 days. We find that the central period of HP is at log(P ) = 1.05 for V -band and log(P ) = 1.06 for I-band, in the LMC. Again, these results are in excellent agreement with those predicted using theoretical light curves (Bono, Marconi & Stellingwerf 2000) & obtained using Fourier parameters (Welch et al. 1997) . However, we emphasize that the results of Bono, Marconi & Stellingwerf (2000) are obtained using the amplitudes of light and velocity curves while our results are obtained using Fourier amplitude parameter. So the central period of HP determined using the two methods are different but the agreement in these two results is very interesting. We do not plot the corresponding values for R31 since the data imply that this parameter seems to be less sensitive to the bump progression and a shallow minimum is observed in Fig. 12 . In the case of phase parameters, the break in the center of the HP required a slightly different approach. We fit two polynomials to the points on each side of log(P ) = 1.0, restricting the range to ±0.2 dex from that value. We then estimated the maximum value before 10 days and the minimum value just after 10 days. We linearly interpolated across these extrema and took the mid-point of the resulting line to be the center of the HP. We do not observe sharp minima after 10 days at infrared bands due to smaller amplitudes and larger scatter in phase parameters, as shown in Fig. 17 . However, there is a small but significant drop in the value of φ21 in the vicinity of 10 days. In such cases, where the minima is flat or extended towards a longer period, we have chosen the first point lying on the functional fit as minima after 10 days. We consider the mid point of these extremums obtained from functional fits as the center of HP. The re- sults obtained from the fits to phase parameters are shown in the bottom two panels of Fig. 18 . Again, there seems to be a clear trend in the value of the center of the HP, but now decreasing with increasing wavelength. In case of φ21, the central period occurs at log(P ) ∼ 1.04 in the optical bands for both Galaxy and LMC, consistent with the previous determination of log(P ) = 1.049 ± 0.031 by Welch et al. (1997) .
We have also observed a slight difference in the central period of the HP for the Galaxy and LMC in each parameter. This difference is most likely due to metallicity differences between the two galaxies. As seen in Fig. 18 , the greatest disparity in the central period of the HP happens longwards of Ks for amplitude & R21 and beyond J for φ21. No significant difference is seen for φ31. Since we have obtained these results using the sliding mean calculations, it is difficult to determine the exact significance of these re- sults specially at longer wavelengths, where the number of stars is smaller in the vicinity of log(P ) = 1.0. Since we applied the same procedure at all bands, there is a differential effect in these parameters that seems to be real. Also, this confirms the work of Beaulieu (1998) , who has determined the center of the HP for our Galaxy, LMC and SMC Cepheids using Fourier parameters. Beaulieu (1998) found a shift in the HP center towards the longer periods for the Galaxy having lower mean metallicity, following the work of Andreasen & Petersen (1987) ; Andreasen (1988) . However, we emphasize that more data will be needed to determine the central period more accurately, particularly at longer wavelengths.
CONCLUSIONS
In the present study, we discussed the Fourier decomposition of Galactic and LMC Cepheid light curves in multiple bands. We compiled and made use of the largest data sets available in each band. We analyzed the variation of Fourier parameters in detail to observe some interesting patterns. We found an increase in phase parameters with increasing wavelength for both Galactic and LMC variables. We also observed a decrease in amplitude parameters with increasing wavelength. An interesting pattern in amplitude parameters was observed, which suggests that for V IJ-band, the amplitude parameters increases sharply as compared to longer wavelengths for periods greater than around 20 days. Quantitatively this was summarized by determining the difference of mean Fourier parameters in multiple bands. We also observed a decrease in skewness and acuteness parameters as function of wavelength at a fixed period suggesting Cepheid light curves to be more symmetric at longer wavelengths.
The central period of the HP displays a clear variation with increasing wavelength, suggesting an increase in central period for Fourier amplitude parameters and a decrease for phase parameters. At optical bands, the mean central period of the HP occurs at log(P ) ∼ 1.03 for the Galaxy and at log(P ) ∼ 1.04 for the LMC, which are consistent with the previous studies (Welch et al. 1997; Bono, Marconi & Stellingwerf 2000) . We also found small differences in the central period of the HP for different Fourier parameters between the Galaxy and LMC. These differences are mainly in the R21 beyond Ks and in φ21 beyond J. These differences are such that Galactic data have the central period at shorter values. At optical bands, this difference is more accurate and confirms previous work by Beaulieu (1998) but we can not determine the exact significance at infrared bands due to larger scatter in amplitude and phase parameters.
We also observed a flatter variation in R31 amplitude parameter as compared to other Fourier parameters in the vicinity of 10 days. This shallower minimum is more pronounced in the mean Fourier parameters shown in Fig. 11 and Fig. 12 . Further, we observed a clump in the R31 in the vicinity of 0.7 < log(P ) < 1.0 for V I-bands (see Fig. 4) , which is a possible cause of flatter minimum in Fig. 12 . However, this clump is not visible for Galactic Cepheids because of the smaller number of stars as compared to OGLE LMC data. We investigated the light curves of stars in/out side the clump but with similar periods. Examples are shown in Fig. 19 . A slight bump after the maximum light (minimum magnitude) is observed in the light curves for the stars that are in the clump noted in the R31 vs. log(P ) plot (Fig. 4) . This feature will be extensively studied in a future work and may provide a direct link between light curve structure and Fourier parameters. The variation of Fourier parameters with wavelength can shed light on pulsation physics that are wavelength dependent. Further, these results can serve as a benchmark to constrain theoretical stellar pulsation models that now routinely incorporate model stellar atmospheres and produce light curves at various wavelengths.
While a physical interpretation of Fourier parameters is still an open question, the method does provide a quantitative description of the structure of Cepheid and RR Lyrae light curves. In order to have more confidence in these models, it will be important to compare these model and observed light curves, quantitatively with Fourier parameters as a function of metallicity, wavelength and period.
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